Introduction
[2] Drought events have increased in intensity and frequency in response to global climate change during the last several decades, particularly in the heavily populated areas of monsoonal Asia [Dai et al., 2004] . Drought events have led to a number of environmental and ecological problems, such as destruction of wetlands, drying up of rivers, desertification and sinking ground [Piao et al., 2010] . Thus, hydroclimate variability has attracted increasing attention in monsoonal Asia [Qian and Zhu, 2001; Liu et al., 2003; Gou et al., 2007; Shen et al., 2007 Shen et al., , 2008 Sano et al., 2009; Fang et al., 2009; Cook et al., 2010; Liu et al., 2009b Liu et al., , 2010 . For example, the North China Plain (NCP), where 26.8% of the national grain supply is cultivated, has become drier and warmer [Fu et al., 2009] . Since 1958, the annual precipitation of the NCP has declined by approximately 43.9 mm, and the annual mean temperature has increased by approximately 0.83°C [Fu et al., 2009] . The NCP has been recognized as one of the most water-scarce regions in the world [Qian and Zhu, 2001; Feng and Hu, 2004; Fu et al., 2009] . Since 1972, interruption of river flow as a result of drought occurs almost every spring and summer season at the middle and lower reaches (mainly in the NCP) of the Yellow River, and this interruption results in water resource shortages, worsening of groundwater quality, wetland degradation, and biodiversity reduction, among other effects [Feng and Hu, 2004; Fu et al., 2009] . Consequently, a historical understanding of hydroclimate variability will clarify the relative roles of natural variability and the anthropogenic impact on regional hydrology.
[3] El Niño-Southern Oscillation (ENSO) is widely recognized as one of the most important factors impacting global climate and weather patterns. El Niño (La Niña) results in a warming (cooling) over the east central tropical Pacific Ocean that decreases (increases) precipitation in western (eastern) Pacific regions [Allan et al., 1996] . On the NCP, many studies have focused on the influence of ENSO on summer precipitation using meteorologically observed data [Huang and Wu, 1989; Ding, 1994; Zhang et al., 1999; Gong and Wang, 1999; Wu, 2002; Wu et al., 2003; Feng and Hu, 2004; Zhou et al., 2009] . These studies found that when El Niño was in the development and maturation 1 stage, the NCP often suffered from a shortage of summer precipitation. When an El Niño event faded or a La Niña event occurred, precipitation became abundant in the NCP. These results suggest that ENSO is closely connected with summer precipitation variability on the NCP. However, an understanding of the ENSO-NCP precipitation relationship is limited by some uncertainties, such as whether or not this relationship is stationary and how this relationship changes if it is nonstationary. These uncertainties are mainly caused by a scarcity of meteorological observations.
[4] To acquire knowledge that addresses above uncertainties, an understanding of how hydroclimate has varied in the past at the high-frequency domains is necessary. Natural proxies with yearly time resolutions, such as tree rings, corals, ice cores and stalagmites, can provide an essential means to evaluate climate in the preinstrumental observation era. Unfortunately, there have been few high (yearly)-resolution and long-period natural proxies on the NCP; because frequent human disturbances (e.g., wars and land use and cover changes) destroyed many natural proxies of the NCP over the past several centuries [Ge et al., 2008; Takata et al., 2009] .
[5] In this paper, we present the first high-resolution hydroclimate chronology for the NCP based on d
18 O of tree rings of Larix principis-rupprechtii. Our objective was to investigate (1) regional hydroclimate variability on the NCP from 1784 to 2003 and (2) the relationship between hydroclimatic variability with ENSO.
2. Data, Materials, and Methods
The Sampling Site and Tree Ring Data
[6] Trees were sampled from an alpine meadow on Luya Mountain (38°44′N, 111°50′E; 2400∼2600 m above sea level) in Shanxi Province, the NCP (Figure 1 ). This site lies in the environmentally sensitive zone. This is a transitional area between humid and arid conditions, forest and steppe. In the sampling site, the vegetation is sparse; the soil is shallow. The growing season for trees ranges from April to September in this region . According to the records of a nearby meteorological station in Yuanping (38°45′N, 112°42′E; 836 m above sea level, records from 1954 to 2003, about 75 km away from the sampling site), the mean annual precipitation was 428 mm during the observation period. The highest precipitation occurs in JulyAugust, which accounts for more than half of the total annual precipitation. The mean monthly relative humidity reaches a maximum in August (73.3%). The temperature in the study area has exhibited a rapidly increasing trend, especially since the late 1970s. Inverse trends between temperature and precipitation (r = −0.342, p < 0.01) and between temperature and relative humidity (r = −0.548, p < 0.0001) have been detected as well. In addition, relative humidity varies synchronously with precipitation (r = 0.708, p < 0.0001) [Li et al., 2011a] .
[7] The dominant Larix principis-rupprechtii species were sampled at breast height using a 5 mm diameter increment borer in July 2004. To obtain the exact calendar year of per tree by cross dating, 29 trees were collected on Luya Mountain.
[8] It is general that growth rings are often missing in trees from arid or semiarid regions because of harsh hydrological conditions [Fritts, 1976; Liu et al., 2005; Cullen and Grierson, 2009] . Cross-dating was performed using the Skeleton Plot method [Stokes and Smiley, 1996] . The tree ring width was measured using a ring width measurement system by LINTAB with a precision of 0.01 mm. Quality control of cross dating was carried out using the COFECHA program [Holmes, 1983] . The total length of the ring width chronology is 329 years, ranging from 1675 to 2003. The details of cross dating have been previously described by Yi et al. [2006] . They suggested that the ring width chronology is positively correlated with local temperature in the sampling site, but cannot reconstruct temperature variability because of weak climate responses.
Climate Data
[9] To perform the response analysis between monthly climate parameters and tree-ring cellulose d
18 O, the available [Palmer, 1965; Dai et al., 2004] . Positive PDSI values indicate wetter conditions, and negative values indicate drier conditions. The PDSI is widely used to evaluate and monitor drought status in meteorology and hydrology in many regions, including in monsoonal Asia [Sano et al., 2009; Fang et al., 2009] . Dai et al. [2004] have derived monthly data sets of the PDSI values using meteorological records for global land areas on a 2.5°× 2.5°grid (available at http:// www.cgd.ucar.edu/cas/catalog/climind/pdsi.html). The PDSI data set from a nearby grid point (38°45′N, 111°15′E) of the sampling site was extracted for further analysis. We used the climate parameters described above for correlation analyses over the common period 1954-2003. [10] In this study, the observed ENSO pattern is described as the NINO3 (5°S∼5°N, 90°W∼150°W) Sea Surface Temperature Anomaly (SSTA) using the SST data from the NCDC SST version 3b data set (http://www.ncdc.noaa.gov/ oa/climate/research/sst/ersstv3.php).
Measurement of Tree-Ring Cellulose d
18 O
[11] Among the 29 trees used for cross dating, there were very few samples suitable for isotope measurement. The tree ring samples usually contained extremely narrow rings (≤0.1 mm), which reoccurred continuously because of the harsh growing environment at the sampling site Yi et al., 2006] . Exact separation of the extremely narrow rings was very difficult. To avoid error during the separation process of the annual rings, we only employed cross-dated samples that there are no missing rings and that these rings are not extremely narrow. The samples used were 36B (1688-1792), 17A (1675-1824), 08A (1784-2003) and 11C (1820-2003) . In addition, 25C (1954-2003) has been measured by Li et al. [2011a] , which can also be incorporated here. In total, above five tree ring cores were measured in this study. All of these tree ring cores reach the pith of the tree, except for 25C. Many rings have indistinct boundaries between earlywood and latewood. Therefore, we used whole annual rings, including earlywood and latewood, for the isotopic analyses.
[12] The annual ring was cut carefully with a razor blade under a binocular microscope. The excised segment of the annual ring was then mounted on the top of a small aluminum cylinder using synthetic glue that could be easily removed by organic solvent (acetone) during the following cellulose extraction process [Nakatsuka et al., 2004] . Once fixed, each ring was sliced into 20 mm thin sections along the fibrous direction using a rotary microtome to allow chemical reagents to be more easily absorbed into the wood tissues. Type a-cellulose was extracted from thin, mixed sections of the same ring using a modified Jayme-Wise method [Loader et al., 1997] .
[13] We loaded 0.13∼0.17 mg of homogeneous a-cellulose into a silver capsule in duplicate for each sample, and then the oxygen isotope ratios of the cellulose were determined using a continuous flow system with a pyrolysis-type elemental analyzer (ThermoQuest TCEA) and an isotope ratio mass spectrometer (ThermoQuest Delta plus XL) [Sharp et al., 2001; Nakatsuka et al., 2004] . The oxygen isotope ratios are expressed in the d as per mil (‰) [Coplen, 1996] . The Merck cellulose (d 18 O = 27.4 ± 0.3‰, VSMOW; Merck KGaA, Darmstadt, Germany) is employed as the laboratory working standard to calibrate sample oxygen isotope values. The mean value of the tree-ring cellulose oxygen isotope ratios was obtained from duplicate analyses on an annual cellulose sample. The analytical uncertainty was less than 0.2‰ (1s) in repeated measurements of the Merck cellulose.
Results
[14] The time series for the tree-ring cellulose d
18
O obtained for the five cores in this study are presented in Figure 2a . All of the tree-ring cellulose d
18 O series show highly consistent variations in the overlapping periods (Table 1) .
[15] The main tree-ring d 
Discussion

The Length of Main Chronology
[16] To capture a representative site isotope signals, the minimum number of trees for tree ring isotopes studies is generally far few than that of ring width or density studies [McCarroll and Loader, 2004; Leavitt, 2010] . In some cases, two trees could even represent the common regional signal for tree ring isotopes studies [Leavitt and Long, 1984; Robertson et al., 1997; McCarroll and Pawellek, 1998; Leavitt, 2010; Li et al., 2011a] . Leavitt [2010] suggested that the minimum number of trees should be calculated by the Expressed Population Signal (EPS) [Wigley et al., 1984] . In this study, the EPS is calculated by different overlapping periods of the tree-ring cellulose d
18 O series. They are 0.96 for period of 1954-2003 (n = 3), 0.95 for period of 1820-1953 (n = 2), 0.93 for period of 1793-1819 (n = 2), 0.99 for period of 1784-1792 (n = 3) and 0.80 for period of 1688-1783 (n = 2). The EPSs of the first three periods are higher than the guide threshold value of 0.85, above which one can infer that the averaged time series represents the common regional signal. However, there is a strong decline of the EPS in period of 1688-1783, indicating instability in the signal strength before 1783 A.D.
[17] Trends in the tree-ring cellulose d
18
O are somewhat different between 36B and 17A, although correlation between the two time series is significantly high (Table 1) . Equations derived from least squares linear plots are shown 
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in Figure 2b for Leavitt et al. [2010] suggested that the Juvenile effect was more obvious in stable carbon and hydrogen isotopes, comparing with stable oxygen isotope in tree rings. The physiological mechanism of the Juvenile effect of the tree-ring cellulose d
18
O is still unclear by now, and this effect may correlate with tree species, stand environments, and others. However, there are no other evidences to prove the Juvenile effect of 36B and to interpret the difference between 36B and 17A in this study. More studies concerning the isotopic Juvenile effect are necessary and should include more tree species and more detailed measurements of individual tree ecophysiological conditions.
[18] As discussed above, we remove the portion of the tree-ring cellulose d
18 O chronology from 1675 to 1783. The remaining portion of the chronology, during 1784-2003, will be as the main chronology for further analysis.
Climatic Response and Spatial Representation
[19] Coefficients of Pearson's correlation are computed between interannual variations in the tree-ring cellulose d
18 O and the monthly mean climatic parameters from the previous October to the current October during the last 50 years. Overall, the tree-ring cellulose d
18 O is negatively correlated with PDSI, precipitation and relative humidity for the growing season in the current year (Figure 3) .
[20] There are no significant correlations of d 18 O values with temperature or climate parameters from previous fall to current early spring (Figure 3) , although we measured cellulose d
18
O from whole ring, including earlywood and latewood. This could be explained as follows. The extremely narrow latewood suggests that earlywood does not only reflect spring growth and but also record the climate signals in summer season because "early" and "late" wood are just morphological definitions in wood anatomy and they do not necessarily correspond to the "spring" and "summer" (or "autumn") growth phases. Additionally, Larix principisrupprechtii belongs to the species of shallow root system that does not access groundwater [Sakai et al., 2007; Li et al., 2011a] .
[21] In particular, there are strong correlations in summer months, indicating that the hydroclimate during the summer is the primary, controlling factor for tree-ring cellulose d 18 O in this region. By integrating multiple months, the highest correlation coefficient appears at July-August relative humidity (r = −0.561, p < 0.001), June-July-August precipitation (r = −0.552, p < 0.001) and June-July PDSI (r = −0.467, p < 0.001). However, the tree-ring cellulose d actual relative humidity, precipitation and the PDSI during the common period 1954-2003. We attribute this result, at least in part, to the necessity of using climatic data that is based on records from sparse meteorological stations of the NCP (e.g., about 75 km away from the sampling site in this study). Sparse meteorological stations have previously influenced verification of climate signals in tree rings in Asia [Sano et al., 2009; Cook et al., 2010] . In addition, precipitation d 18 O is an important factor controlling tree-ring cellulose d
18 O values [Roden et al., 2000] . The relationship between precipitation d
18 O and precipitation and temperature is poor in the sampling site [Li et al., 2011a] , which may also results in low explained variances of the tree-ring cellulose d
18 O to actual relative humidity, precipitation and the PDSI.
[22] The physiological mechanism of tree-ring cellulose d
18 O suggests that the oxygen isotope ratios of tree rings are primarily determined by relative humidity and the oxygen isotope ratios of precipitation [Dongmann et al., 1974; Roden et al., 2000; McCarroll and Loader, 2004; Nakatsuka et al., 2004 Nakatsuka et al., , 2008 Farquhar and Cernusak, 2005; Treydte et al., 2006; Saurer et al., 1997 Saurer et al., , 2008 Li et al., 2011b; Tene et al., 2011] . In the sampling site, relative humidity becomes more important because the d
18 O of precipitation is not simply correlated with a single climate parameter, such as temperature or precipitation, in this region [Li et al., 2011a] . Conversely, relative humidity has a clear mechanistic, negative linear correlation with d
O of leaf water based on the leaf-water enrichment model [Craig and Gordon, 1965; Roden et al., 2000] .
[23] In this study, the tree-ring cellulose d 18 O chronology can be considered to represent the hydroclimate variability of the NCP not only because of its significant statistical correlation with hydroclimate parameters, but also because of its physiological mechanical. Both the statistical correlation and the mechanical model [Roden et al., 2000] 1954-2003 and 1901-2003 , to avoid possible influences of different data densities. The results indicate that the correlation is significant in both periods (see Figure 4) . The area of significant correlation covers most regions of the NCP. Therefore, we conclude that the tree-ring cellulose d
O chronology is representative of the regional hydroclimate variability of the NCP.
Extreme Events (High-Frequency Signals)
[25] Anomalous precipitation events that include drought and flood (extreme events) are the most frequent natural disasters in monsoonal Asia [Qian and Zhu, 2001; Shen et al., 2008] . The tree-ring cellulose d
18 O chronology, which possesses high resolution and absolute dating, has the potential to detect drought and flood events before the period of the meteorological observation. In the NCP, historical documents are particularly abundant because the NCP has been the traditional center of Chinese politics, economics and culture since 1421 in the Ming Dynasty [Zhang, 1988a] . Historically severe drought and flood events have been derived from the anciently governmental archives and local gazettes for the past several centuries [Zhang, 1988b [Zhang, , 2003 Zhang et al., 2003; Chen, 2007; Shen et al., 2007; State Office of State Flood Control and Drought Relief Headquarters, 2007; Zeng et al., 2009] . From 1784 (the beginning of our chronology) to 1954 (the start of instrumental observation), there are eight severe drought events and six severe flood events with single or continuous years reported in the historical documents. The severe droughts occurred in 1792, 1813, 1835, 1858, 1876-1878, 1899-1900, 1920-1921, and 1926-1930 . The drought during 1876-1878 was one of the most severe drought events recorded in the historical documents since 1784 A.D., influencing most of the East Asia region [Cook et al., 2010] . In 1877, there was no precipitation for more than 200 days on the NCP [Shen et al., 2007 [Shen et al., , 2008 Zeng et al., 2009] . The 1876-1878 drought induced severe crop failure, which bereaved population lives of more than 13 million in the NCP [Chen, 2007; Zeng et al., 2009] [Liang et al., 2006] , central China [Cai et al., 2008] and northeast China [Liu et al., 2009b . High cellulose d
18 O values of 26.6‰ and 26.3‰ (averaged values) were found for 1920 and 1926 -1930 , respectively. In particular, Shen et al. [2007 detected extreme drought events in 1835, 1877, 1900, and 1928-1929 in larger regions of eastern China (22°-40°N, 105°-122°E) using the historical documents, and these events could be found in the tree-ring cellulose d
18 O chronology as well. Overall, the eight severe drought events in the historical documents correspond to eight high d
18 O values in the treering cellulose d
18 O chronology (Figure 5a ). On the other hand, severe flood events occurred in 1802, 1823-1824, 1892, 1922, 1939, and 1954 in the historical documents. All of the severe flood events occur at years with extremely low values in the tree-ring cellulose d
18 O chronology (Figure 5a ).
[26] However, some other extremely high and low cellulose d
18
O values exist in the chronology that do not correspond to drought and flood events in the historical documents, respectively. For example, extremely low and high cellulose d
18 O values appear in 1816 (20.8‰) and 1860 (29.5‰), and no records of flood or drought events can be found for these 2 years in the historical documents. We consider that our samples were collected at a mountain region, where the precipitation may a little bit be different with the regional precipitation, while the historical documents only based on records of regional climate.
Long-Term Hydroclimate Variability (Low-Frequency Signals)
[27] To investigate the variability of a time series, cumulative departure is an intuitively way to express long-term trend: the long-term upward or downward movement of the cumulative departure curve represents increased or decreased trend [Tilahun, 2006; Wang et al., 2007] . In addition, we employ sliding t test method [Fu and Wang, 1992] to detect mutation years of the hydroclimate variability. In Figure 5b , the result of sliding t test shows there are 4 mutation years (1834, 1925, 1985, and 1987 ) at a = 0.01 confidence level. Incorporating the result of the cumulative departure, Figure 5b reveals that 1784-1834 was a wetter period; long-term stable hydroclimate occurred in period of 1834-1925; it became wetter during 1925-1970s , which is consistent with averaged precipitation records during 1900-1950 on the NCP by Qian and Zhu [2001] ; and the long-term drying mainly occurred during the period of the 1970s-2000s, which may be attributed to rapid global warming in the most recent several decades [Cai et al., 2008; Liu et al., 2009a] .
[28] We compared the decadal frequency of droughts, which was derived from historical documents by Shen et al. [2008] , with the tree-ring cellulose d
18 O chronology. The decadal drought frequency is high in the 1850s (four times per decade), the 1870s (four times per decade) and the 1990s (five times per decade), as shown in Figure 6a . These droughts correspond with two peaks in the 11 year moving average time series of the tree-ring cellulose d
18
O in Figure 6a . Using a three-point moving average, the decadal drought frequency also reveals a drying trend for the whole period of . Although the droughts in the mid-19th century are extreme cases, they do not exceed the severity of the current droughts. This situation is the same as the results from the tree-ring cellulose d 18 O. [29] In the NCP, the dryness-wetness index (DWI) is the only available long proxy of the paleoclimate, which is a well-dated and annual-resolution series. The DWI is derived from many historical documents and published by the Chinese National Meteorological Administration [1981] . The DWI is defined as a dry and wet grade index of rainfall in the main rainy season [Zhang, 1988a] , which was extended to 2000 by Zhang et al. [2003] . The DWI only has five grades, which are −2 (very dry), −1 (dry), 0 (normal), 1 (wet), and 2 (very wet). There are 120 stations for collecting the DWI data set in the entirety of China. Spatial distribution of the DWI is uneven. Shen et al. [2008] developed an area-weighted, average regional DWI of the NCP based on a database of spatial coverage for these sites using the geographic information system (GIS) technique, which is an excellent regional representation of the entire NCP region. The regional DWI of the NCP and the tree-ring cellulose d
18 O chronology are compared in Figure 6b . The correlation coefficients between them are r = −0.315 (p = 2 × 10 −6 , n = 217) for the interannual data. In addition, 10 year low-pass filter of the 2 series shows that the correlation on low frequency between our chronology and the DWI series also is significant (r = −0.367, p = 4 × 10 −8 , n = 211). Although the correlations are very significant, the amplitudes of the two series in Figure 6b exhibit a large difference. We suggest that this result may be attributed to the simple definition of the DWI because the DWI defines only five values (grades) to determine dry or wet conditions, and this simplicity limits evaluation of the actual amplitude of hydroclimate variability.
Link With ENSO
[30] The power spectrum analysis detects several significant periodicities on the tree-ring cellulose d
18 O series. They are 4. 17, 5.03, 5.21, 6 .64, and 6.95 year periodicities, which are very similar to cycle of ENSO [Hocke, 2009; Gergis and Fowler, 2009] . Since ENSO is the most important factor influencing climate variability in most part of the earth [Allan et al., 1996] , we will investigate the effect of ENSO on the NCP in this section.
[31] Spatial correlation analysis shows a significant negative and positive correlation between the actual precipitation at the Yuanping meteorological station and the tree-ring cellulose d
18 O chronology and the SST in the eastern equatorial Pacific during 1954-2003 and 1854-2003 (see Figure 7) , suggesting that there is a tight connection between hydroclimate variability of the NCP and ENSO (i.e., precipitation amount increases on the NCP with decreasing SST in the eastern equatorial Pacific, and vice versa). Using instrumental records, a possible mechanism was proposed for the negative correlation of the precipitation in NC with SST in the eastern equatorial Pacific by Wu [2002] , Wu and Wang [2002] , and Wu et al. [2003] . They indicated that the key to the correlation of the NCP summer precipitation with ENSO is a barotropic cyclone over northeast Asia. This anomalous cyclone comprises two tropical heat sources: one is over South Asia and the other is over the western North Pacific. The influences from the western North Pacific and South Asia are more obvious at the lower and upper troposphere, respectively. Anomalous western North Pacific heating induced by ENSO causes a meridional teleconnection pattern [Wu et al., 2003] , and anomalous South Asian heating related to ENSO contributes to a zonal wave pattern over midlatitude Asia [Wu, 2002] . As a result, the cyclone over northeast Asia displaces southwestward in the ENSO-developing year, and anomalous northerly on the west flank of the cyclone reduces moisture supply into the NCP, leading to below normal rainfall on the NCP.
[32] We investigated the ENSO-hydroclimate relationship based on individual episodes of extremely dry and wet years (Tables 2  and 3 ), respectively.
[33] Although long-term SST records for the eastern equatorial Pacific are not available for the last several centuries, some El Niño and La Niña events have been identified in the historical documents, corals, tree rings and/or instrumental observations complied by Quinn and Neal [1992] , Gergis and Fowler [2009] , and NOAA (http://www.cpc. ncep.noaa.gov/products/analysis_monitoring/ensostuff/ ensoyears.shtml). In Table 2 , we can see that most of the extremely dry years of the NCP follow El Niño events occurring in the previous or current year. Some very strong El Niño events seem to influence the summer hydroclimate of the NCP for the preceding 2 years, probably because a typical ENSO event tends to last for 18-24 months [Gergis and Fowler, 2009] . There is a similar connection between extremely wet years of the NCP and La Niña events, as shown in Table 3 . This correlation suggests that both El Niño and La Niña events strongly influence the hydroclimate conditions of the NCP throughout the period of 1784-2003.
Conclusions
[34] We developed a 220 year tree-ring cellulose d
18 O chronology based on four Larix principis-rupprechtii trees growing on Luya Mountain of the NCP. The chronology shows significant negative correlations with local precipitation, relative humidity and the PDSI. It represents largescale, regional hydroclimate variations on the NCP that are revealed by spatial correlation analysis with a CRU TS3 precipitation data sets. These findings demonstrate that the chronology is an appropriate record of the hydroclimate variability of the NCP. The wetter periods were 1784-1834 and 1925 to the 1970s, whereas the long-term drier mainly occurred during period of the 1970s-2000s. The highfrequency signals in the chronology can detect some drought or flood events that are highly consistent with the historical records. The low-frequency signals of the chronology show coherent variability with the decadal frequency of drought events and the area-weighted regional DWI (r = −0.367) in all of the NCP during 1784-2003. In addition, spatial correlation analysis suggests that there is a significant link between the hydroclimate of the NCP and ENSO. In most cases, extremely dry and wet years recorded in the chronology correspond to historical El Niño and La Niña events. This conclusion enhances our understanding of the relationship between the NCP hydroclimate and ENSO before the era of meteorological observations. However, more studies are necessary to document and understand the complexity of the NCP hydroclimate-ENSO relationship to forecast future climate change in the semiarid NCP.
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